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MARISOL RODRIGUEZ 
 
ABSTRACT 
Footwear impressions can be found at any type of crime scene.  Footwear 
impressions are valuable pieces of physical evidence when discovered, properly 
documented and collected.  Two-dimensional footwear impressions can be left behind 
when the outsole of a shoe comes into contact with a substance and then the substance is 
transferred to a surface, leaving a positive impression on that surface [1-3].  2-D 
impressions can also occur when a shoe steps onto a dusty surface and the dust adheres to 
the tread elements, which take away the dust leaving behind a negative impression [2,3]. 
Footwear impression evidence may display class characteristics, such as the type, 
manufacturer, the approximate size and shape and general description of the shoes [2].  
They are most commonly documented and collected through photography, specifically 
examination quality photographs.  The value of the photographs taken depends on the 
quality of the images and requires the correct placement of the scale and angle of the 
camera.  In order to ensure an accurate representation of the evidence, the camera should 
be parallel to the impression and a scale must be present in the same plane as the 
impression.  Taking photographs at any other angle can distort the object in the photograph, 
resulting in incorrect measurements, which can hinder the comparison process between the 
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photographed object and the physical object.  Digital imaging applications and software 
can be used to calibrate images, meaning the scale is used to adjust, or calibrate, the 
photographed image into a 1:1 image or actual size.  Forensic photography guidelines 
provided by SWGTREAD stress the importance of scale placement and the position of the 
camera lens, but research on how exact these two steps must be executed to accurately 
determine the physical size or dimensions of the shoe remains limited [3,4].  
The goal of this project was to determine how the positioning of a scale in 
relationship to the footwear impression can potentially lead to possible distortion of the 
actual size of the photographed impression.  This project seeks to evaluate the extent to 
which the depth of the scale and impression can vary before the size of the photographed 
impression becomes measurably distorted as well as evaluate the tolerable range of angle 
tilt of the scale allowed before the size of the photographed impression becomes distorted. 
A left counterfeit Nike Air Jordan’s shoe from the Jordan Melo line, US adult size 
7.5 was used to make several test impressions and then the best impression with the highest 
quality was chosen to be photographed.  Examination quality photographs of the test 
impression with the scale in the same plane were taken, followed by an incremental 
increase in the height/distance (0-66.9 mm) of the scale from the ground and lastly, with 
an incremental increase in the angle (0-20 degrees) of the camera horizontally, vertically 
left and right.  The photographs were then calibrated using Adobe® Photoshop® and actual 
size images were printed out.  Based on the tread design, ten areas present on the outsole 
were examined through measurement.   
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The results indicated that if the scale was placed at a height within 5.7 mm of the 
height of the impression, then there would be no change in estimated shoe size.  However, 
if the scale was placed a distance or height of 7.6 mm or greater from the bottom of the 
impression, then the image would result in a change of half a shoe size or more.  Also, if 
the angle of the camera was greater than 8 degrees horizontally or greater than 14 degrees 
vertically to the left there was a change in the apparent shoe size.  However, there was no 
change in the shoe size when the camera angle increased horizontally up to 8 degrees, 
vertically up to 20 degrees, and vertically up to 14 degrees.   
It is important to be aware of discrepancies that can exist in size dimensions when 
the scale placement and camera angle are not in the correct plane and position.  The 
distorted images may result in false measurements, which can lead to inaccurate size 
interpretations.  This would be problematic when comparing a suspect’s shoe to the 
photographed footwear impression, possibly resulting in false inclusion or exclusion 
decisions of the questioned footwear impression. 
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1. INTRODUCTION 
Footwear impressions can be found at any type of crime scene.  Footwear 
impressions are valuable pieces of physical evidence when discovered, properly 
documented and collected [1-3].  These types of impressions are often missed at crime 
scenes and are undervalued.  This may be due to incomplete searches at crime scenes, 
impressions that are difficult to find, the presence of a large number of impressions, time-
consuming documenting and collecting methods, and misconceptions about which 
impressions should be collected and the information they can provide [2,3].  In addition, 
impressions can easily be destroyed prior to documentation and collection by weather 
conditions, vehicles driving over them, and people walking through the crime scene 
including suspects, victims, investigators and first responders.  It is critical for those 
involved in crime scene investigation to have proper training and education required for 
the search, recovery/collection, and preservation of impression evidence [2,3].  
 
1.1 Footwear and Footwear Impressions 
Athletic shoes are comprised of three parts: the upper, the midsole and the outsole.   
The outsole is responsible for protecting and providing traction, gives shape to the shoe 
and has a tread design [5,6].  A tread design refers to the distinct shapes or design elements 
that are arranged collectively to provide a pattern to the outsole [7, 8].  For example, design 
elements that can be found on outsoles include herringbones, which are zigzag lines that 
have rounded points and chevrons, which are V-shaped marks [8].  A set standard for 
categorizing the shapes on the tread design on an outsole does not exist, so each shape 
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should be clearly defined to prevent misinterpretation [8].  The methods used in 
manufacturing outsoles either involve cutting or molding [2-3,6].  Cutting processes 
involve cutting outsoles from a sheet of material and a different template is used for each 
half size.  Molding processes consist of material being added to a mold to make the outsole 
and often times each half size has one or more molds, with the more popular sizes having 
multiple molds.  The more uncommon, larger sizes have fewer molds since less are 
manufactured [6].  
Footwear impressions can be left behind when the outsole of a shoe comes into 
contact with a substance and then the substance is transferred to a surface, leaving a positive 
impression on that surface [1-2].  This type of impression is considered to be a two-
dimensional (2-D) impression because length and width can be determined from the 
impression, but not depth.  A 2-D impression can be a visible or latent print.  Visible prints 
or impressions can be found on different types of surfaces such as tile, wood, and concrete 
as a result of stepping in dirt, dust, blood, or oil/grease and then being transferred [1-3,9].  
Latent prints are not readily visible to the naked eye and require some type of enhancement 
to be seen visually such as powders, chemicals or alternate light sources [2-3].  Footwear 
impressions can also be created as a result of a shoe stepping into a softer surface or 
substrate, removing or packing down that material or substance and then leaving a void 
pattern known as a plastic print.  These impressions are created in substrates such as dirt, 
snow and sand, and are considered to be three-dimensional (3-D) because length, width, 
and depth can be determined from the impression [1-3]. 
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According to the Scientific Working Group for Shoeprint and Tire Tread Evidence 
(SWGTREAD), class characteristics for footwear are general or common characteristics 
found on the outsole that are shared by multiple items of footwear [7].  Specifically, class 
characteristics for outsoles consist of tread design and size, which are a result of the 
manufacturing process, and also include general wear.  Analysis of an evidence footwear 
impression can determine the type, manufacturer, approximate size and shape and general 
description of the shoe [2].  It is important to note that class characteristics cannot lead to 
an identification of a particular shoe, however, they can lead to the elimination of a number 
of shoes that could have made an impression.  Only individual characteristics that are 
unique to an outsole can be used in making an identification, but these are not always 
observable in questioned impressions [8].       
Footwear impressions have the power to link a suspect to a crime scene, corroborate 
the details of an incident, and reconstruct a crime scene [1-3].  Impression evidence can 
also provide information on the number of suspects present at the crime scene, determine 
the pathways the suspect(s) and victim(s) took during the crime such as entry and exit, 
determine the direction those individuals traveled, and assist in establishing the events that 
occurred during the crime.  If the impression has sufficient individual characteristics it may 
even lead to a positive identification [1-3].   
Considering all the information that can be obtained from a footwear impression, it 
is important to try to properly photograph and cast all footwear impressions found at a 
crime scene.  No matter the condition of the impressions at the crime scene, the investigator 
must still try to document, collect and preserve as best as possible. The information 
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provided by a photograph and/or cast can provide sufficient detail to make the conclusion 
that the shoe in question could have made the impression found at the crime scene.  Only 
an experienced crime scene investigator in footwear evidence can afford to be selective as 
to the impressions collected, but even then the expert must be cautious.  Impressions that 
appear low in quality or consist of a partial impression should still be collected because 
they still might be able to provide useful information to a trained examiner.  The quality 
and usefulness of an impression should be determined later in the laboratory, not at the 
crime scene [2].  
 
1.2 Documentation, Photography and Collection of Footwear Impressions 
Footwear impressions can be documented and collected through photography, 
application of physical methods, and through chemical and digital enhancement.  Physical 
methods include developing and/or lifting 2-D impressions with powders and gel lifters or 
casting 3-D impressions using material such as dental stone [3,10-11].  In the process of 
evidence documentation and collection, the first step is to always photograph the crime 
scene by taking overall, midrange, and close up images [3-4,12].  After taking overall and 
midrange photographs to establish the general and relative locations of the evidence, close 
up and examination quality photographs are taken of individual pieces of evidence.  
Examination quality photographs are photographs that capture the greatest amount of detail 
present in an impression [3].  Unlike the other types of photographs, examination quality 
photographs allow experts to make comparisons due to the high quality and accuracy of 
details present [3].  In order to capture the impression most accurately and with the most 
 5 
detail, a scale, angle finder, tripod, specific lighting conditions and camera settings are 
required.  Photographs of footwear impressions both without a scale and including a scale 
are documented before any method of enhancement or collection is performed [3-4,12].  
This is done in order to document the evidence as it is found at the crime scene and also in 
case some features/details of the impression are lost or the entire impression is destroyed 
or lost during the enhancement or method collection.  Digital photography is a way to 
preserve the evidence over time [2-3,12].   
Crime scene photography is not only important in documenting the crime scene but 
it can also help to explain evidence, support/refute eyewitness testimony, prove/disprove 
issues and theories, and be used in court as a visual aid to investigators, witnesses and the 
jury [2-3,12].  Photography allows the initial appearance of physical evidence observed at 
crime scenes to be recorded and examined at a later time.  Due to the information that can 
be attained from photographs, it is critical that they are taken correctly so as to get an 
accurate image and not distort the object [2-3,12].  The value of the photographs taken 
depends on the quality of the images and involves using proper lighting, correct placement 
of scale and angle of the camera [2-3,12-13].  Incorrectly photographed images can lose 
detail and information, making them more difficult to be analyzed.  Computer software 
such as Adobe® Photoshop® has a ruler tool that can be used to determine the size of the 
image and scale it to natural or actual size [12,13].  Photographs can distort objects when 
a 3-D object is captured in a 2-D photograph; this can then lead to details being 
misinterpreted.  Sometimes electronic images need to be digitally processed to improve the 
quality of the image so as to be able to observe specific details and other information. The 
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original image is saved and permanently preserved, and a history of all the enhancements 
made are recorded [13].  
Photographing footwear impressions involves taking close-up examination 
photographs which requires positioning the camera lens parallel to the evidence to prevent 
distortion [2-3,12].  This can be done by using an angle finder and tripod that can be 
adjusted at varying angles and positions.  The angel finder, sometimes referred to as a level 
box, can be used to determine the angle of the impression and then position the camera to 
that angle by placing the angle finder on the eyepiece of the camera [2-3,12].  Using a 
tripod will stabilize the camera for accuracy and help to create a sharp image of the 
footwear impression [2,5]. The angle finder can be used to determine the angle of the 
impression and then position the camera to that angle by placing the angle finder on the 
eyepiece of the camera [2-3,12].  Taking photographs at any other angle can distort the 
object in the photograph, resulting in incorrect measurements; accurate dimensions that are 
free from distortion are essential in making comparisons between the photographed object 
and the physical object.  The scale used for photographing footwear impressions should be 
a metric L-shaped ruler, also known as a right-angled ruler, that is at least twelve inches in 
length and width so that the photographed image can be printed out to actual size [2-3,12].  
Using a right-angled ruler instead of a regular straight ruler helps in identifying and even 
correcting any perspective problems present when the scale or camera angle is not correctly 
positioned [2].  A longer scale is also used so that the calibration step produces a more 
accurate 1:1 digital image of the impression [2-3].  The scale should be placed within one 
inch from the impression as well as in the same plane as the impression [12].  In order to 
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properly take the photographs the level or angle finder is first placed on the scale near the 
impression to find the correct angle and then the camera is set to that angle to ensure that 
the camera is parallel to the impression [2-3,12].  It is also critical to focus the camera on 
the impression and not the scale, because the scale may not be in the exact same plane as 
the impression and it is better to have a clear image of the impression [2-3,12].   
The most common preservation method for 3-D impressions is examination quality 
photography.  Other collection methods, such as dental stone casts are not always used due 
to the time it takes for the cast to set, the cost and availability of the materials, and the 
knowledge that an examination quality photograph often captures more detail and is non-
destructive.  Some factors that can limit the usefulness of an examination quality 
photograph are issues with lighting, perspective, and the capturing of a 3-D object as a 2-
D photograph [14].  Perspective issues occur when an impression is not flat on a surface or 
substrate, the scale is not in the same plane as the impression and when the camera is not 
parallel to the impression [2-3,12].  Taking an examination quality photograph of a 3-D 
impression in snow or dirt is challenging due to the many variables that need to be 
considered such as the depth of the impression, the angle of the impression and if there are 
any obstructions around the impression.  Adjusting the placement of the scale so that it is 
in the same plane as the bottom of the impression requires estimating the depth of the 
impression visually and then pressing the scale down into the snow or dirt.  Caution must 
be taken in positioning the scale because the impression can be located at an incline/angle 
due to obstructions in the ground such as tree roots and rocks [2-3].  In order to capture as 
much detail as possible, the footwear impression and scale should fill the frame, which 
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may require adjusting the legs of the tripod.  By filling the frame or having the lens close 
to the object, a photograph with the highest resolution possible is taken, which produces 
better quality photos [2-4,12].  Any movement surrounding the impression can cause a 
collapse around or on the impression and destroy the impression before the examination 
quality photograph is even taken [2,12].  Other concerns with taking examination quality 
photographs are that it is time consuming to set up the camera equipment, and proper 
training is required to adjust the camera settings and lighting so that the resolution and 
quality of the photograph is optimal.  All impressions are photographed first before any 
subsequent collection or enhancement method is used due to the possibility of damaging 
the impression, the method not retaining the impression, or the cast breaking during or 
subsequent to collection [2-3,12].  Additionally, the camera should be focused on the tread 
design and the bottom of the impression rather than on the scale [3-4,15].  Focusing on the 
tread design will allow more and clearer details to be observed. 
Diagramming, photographing, enhancing, and lifting and/or casting all take time and 
patience.  When a crime scene has many footwear impressions, particularly those of limited 
quality, photographs of the impressions may be the sole method of documentation.  One 
homicide case reported in the literature consisted of a large outdoor crime scene with 
numerous footwear impressions in the dirt that were thought to be of limited quality.  The 
certified footwear examiner determined that about 143 photographs were of sufficient 
quality and displayed enough details to compare class characteristics of physical size and 
outsole design.  In addition, the examiner was able to identify almost all of the shoes that 
made the footwear impressions at the crime scene and was able to outline the movements 
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of individuals. These photographs proved to be valuable in that the footwear examiner was 
able to account for all but two impressions.  First responders, those involved in the 
investigation, and witnesses were able to be eliminated and impressions found near the 
body were linked to a suspect [16]. 
Digital photographs can be examined to determine whether they have been 
altered/enhanced. The information captured, which includes the date and time the image 
was taken along with the camera settings, is metadata that is stored with the image [12].  
Digital imaging applications such as Adobe® Photoshop® along with other software can 
be used to enhance the images, and all changes are recorded in the enhancement history for 
processed images. 
  One of the first steps in enhancing images is to calibrate the image, which must 
be done in order to produce an image to scale.  During calibration the scale is used to make 
the photographed image into an 1:1 image or actual size. The reason for doing this is that 
the objects photographed are all positioned at varying distances from the lens, and the 
image recorded by the camera does not take into account the actual size of the object.  There 
are three factors involved in the size of an image: height and width, which can both be 
measured, and resolution.  If one of these factors is known such as width, the other two 
factors can be determined to produce a 1:1 image as long as a scale is present with the 
digital image, Adobe® Photoshop® can be used to calibrate the image.  The scale is critical 
because it is used to determine the number of pixels present in the measured width or 
length, thus determining the resolution.  A portion of the scale present with the image is 
used to calibrate the digital image; by referencing a larger section of the scale, a more 
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accurate 1:1 representation of the impression is produced [2-3,12].  High quality 
photographs provide more details, which results in a more accurate analysis and 
comparison.  Although multiple examiners may not process an image in the exact same 
way nor produce identical mathematical measurements from their processed images, the 
results of their analysis should be the same.  The ultimate goal is to produce through 
photography the most reliable and accurate representations of the impressions/evidence [2-
3,12]. 
 
1.3 Preparation of Test Impressions from Footwear  
 Test impressions are made from shoes seized from suspects, victims, or others 
present at the crime scene and are considered to be replicas of the outsole of the shoe 
[17,18].  One way footwear test impressions are made is by using an inkless method in 
which the outsole of the shoe is pressed onto a colorless inkpad and then onto pre-treated 
paper, thereby leaving a visible inked impression of the outsole [19].  In the laboratory, 
multiple test impressions are made from the known shoe and are referred to as known 
impressions, test impressions or exemplars.  Test impressions are used for comparison 
purposes [7].  Ultimately, the goal of comparing a known test impression and a crime scene 
impression is to make an identification by comparing random acquired characteristics that 
are unique to the shoe.  In order for an identification to be made, an examination of class 
characteristics first has to be performed.  This involves comparing a known test impression 
and a crime scene impression to determine if the known test impression created with the 
suspect’s shoe demonstrates the same size, outsole design, and general wear as that of the 
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impression obtained from the crime scene.  Test impressions are also used to evaluate the 
shape, size and location of randomly acquired characteristcs or individual characteristics.  
There are various ways to make test impressions, and most are made using a 2-D 
technique [20].  Replicating identical test footwear impressions for the same shoe is nearly 
impossible.  Multiple test impressions are made because each impression is slightly 
different due to many variables such as the force applied when stepping onto a surface and 
the amount of material (e.g. ink) on the outsole that is transferred to the surface [21]. The 
presence of a foxing strip or rubber around the shoe can also cause the test impressions 
made to vary because the rubber may not always come into contact with the surface [22].  
Producing several test impressions for the same shoe will allow a range of impressions to 
be used for comparison and will take into account many of the possible variables that affect 
the production of test footwear impressions [20].  The test impressions will usually be of 
higher quality and show a greater amount of details than the photographed images of the 
questioned footwear impressions.  The best test impressions that are used for comparison 
purposes are those that display the whole outsole with the clearest details [23].     
 
1.4 Examination of Footwear Impressions 
Sometimes photographed impressions collected at a crime scene do not show as 
much detail as a known test impression due to poor photography skills [24].  This results 
in photographs that are unclear and low quality, which may allow only a comparison to be 
made based on class characteristics [24].  A known shoe or possible source can be ruled 
out if any significant inconsistencies within the class characteristics are found between the 
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known shoe and the questioned footwear impression [2].  For example, the physical size 
of the shoe may be determined based on the dimensions of the photographed impression 
[2].  If the known shoe differs significantly in physical size from the questioned impression, 
then it can be eliminated as a possible source of that impression [25].  A number of test 
impressions made by known shoes can be eliminated from the pool of possible suspects, 
thereby preventing further time being wasted on shoes/suspects that are not possible.  This 
all gives a narrower pool of possible suspects that detectives can use to focus on, maybe 
also providing a smaller more manageable number of reasonable leads to investigate [26].  
If the known shoe is found to be in agreement with the class characteristics, then the 
conclusion can be made that that particular shoe along with any other shoe with the same 
characteristics could have made the impression. 
In addition, experts should also be aware that the same or similar outsoles have 
been found to be used on different manufacturing brands of shoes.  For example, Converse 
Chuck Taylor All-Star shoes have outsoles that have a series of lines and diamonds present 
on the ball and heel and the same design has been found on a shoe sold at a discount shoe 
store that is very similar in appearance to the Converse brand shoe [2]. Due to the 
possibility of one outsole being found on multiple brands of shoes, an expert should not 
make a positive identification of the type of shoe based only on the design of the outsole.  
Doing this may eliminate the type of shoe that made the unknown impression and thus 
cause law enforcement to search for the wrong shoe [2].  
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1.5 Purpose of this Research 
Research focusing on measurements of footwear impressions compared to the 
actual size of the shoe is scarce [2,7].  Past and current literature stress the importance of 
scale placement and the position of the camera lens, but just how exact these two steps 
must be executed to accurately determine the physical size or dimensions of the shoe 
remains limited.  The goal of this project was to determine how the positioning of a scale 
in relationship to the footwear impression can change and distort the actual size of the 
photographed impression.  This project seeks to evaluate how much the depth of the scale 
and impression can vary before the size of the photographed impression becomes 
measurably distorted.  Further, the tolerable range of angle tilt of the scale (side-to-side of 
shoe and toe-to-heel) allowed before the size of the photographed impression becomes 
distorted is explored.   
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2. MATERIALS AND METHODS 
2.1 Preparation of Test Impressions 
A pair of athletic shoes was chosen for this study based on the distinctive tread 
design and clear outer sole perimeter.  The shoes were counterfeit Nike Air Jordan’s from 
the Jordan Melo line, US adult size 7.5 and made in China according to the information on 
the manufacturing label.  In addition, the label stated that the shoe measured 25.5 cm.  The 
left shoe was photographed to document the upper portion of the shoe [Figure 1].  The 
outsole was also photographed to show the tread design consisting of circles present in the 
ball and heel area, the “Melo” logo in the instep area, as well as a chevron design present 
in the toe, ball, and heel area of the shoe [Figure 2]. 
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Figure 1.  Counterfeit Air Jordan Melo left shoe. Upper, outer portion of shoe. 
 
 
Figure 2.  Left shoe outsole.  Tread design consisting of chevrons, circles, lines and the Melo logo. 
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 Several 2-D impressions of the right and left shoes were made using the SIRCHIE® 
EZID™ Stainfree Footwear Impression System (Sirchie, Youngsville, NC) and following 
the preparation of test impression guidelines provided by SIRCHIE® and SWGTREAD 
[27-28].  In order to replicate an impression resulting from the walking motion and with a 
clear perimeter of the outsole, each shoe was worn when stepping heel to toe with full body 
weight into the pre-impregnated inkless impression pad followed by stepping onto the 
inkless shoe impression card with full body weight, also heel to toe [19,28].  Each 
impression was then examined to ensure that it was clear, had the greatest level of available 
detail present and was not smeared.  From all the test impressions made, one impression of 
the left shoe was chosen.  An L-ruler scale was then photocopied at actual size, and the 
photocopied scale was placed alongside each of the shoe impressions and photocopied 
again so that the scale and test impressions were in the same plane.   
 
2.2 Photographs of Test Impressions and the Examination 
Examination quality photographs were taken using a NIKON D5200 digital camera 
with a fixed 50 mm lens AF-S DX 18-55/3.5-5.6G VRII that was mounted to a Quadra-
pod™ Copy Stand (Forensic Imaging, Inc., Victor, NY ).  The test impression was placed 
flat on the floor, under the lens of the camera with the camera placed parallel to the 
impression.  A level box (Oritronic Sdn Bhd., Malaysia) was used to determine the angle 
of the test impressions on the floor and then used to set the angle of the camera lens to that 
same angle, thereby ensuring that the test impression and camera were parallel.  
Examination quality photographs of the photocopied test impressions with scale were taken 
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with the impression filling the image frame.  The first test impression photographed was 
the copy of the test impression with the scale in the same plane.  Subsequent examination 
quality photographs were taken after adjusting the height or distance of the scale from the 
ground while keeping the test impression flat on the ground.   
The thickness of the L-ruler was measured using calipers and was recorded.  The 
L-ruler was then placed alongside the shoe impression and an examination quality 
photograph was taken and saved in a JPEG format.  The thickness of an additional two 
rulers was measured using the calipers and recorded.  Then the two rulers were placed 
under either side of the L-ruler to adjust the height of the L-ruler and an examination quality 
photograph was taken.  The distance/height of the L-ruler was adjusted multiple times 
using additional rulers; each time the thickness of the stacked rulers was measured using 
the calipers followed by taking an examination quality photograph in JPEG format.  Each 
examination quality photograph of the impression used the L-ruler as the scale for reference 
in the image frame.  The L-ruler and each additional ruler added under the L-ruler in 
adjusting the height measured approximately 1.9 mm.  
The angle finder was used to determine the angle of the test impressions on the 
floor and the angle of the camera lens.  The digital camera on the stand was adjusted to 0 
degrees and then an examination quality photograph of the photocopied shoe impression 
card with scale was taken.  The camera was first placed with the camera lens parallel to the 
impression and then adjusted to 2 degrees horizontally by tilting the camera upward  
[Figure 3].  The camera angle was adjusted in 2 degree increments (up to 20 degrees) and 
examination quality photographs were taken at each increment following the same 
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procedures.  In addition, the same steps outlined for adjusting the camera at angles 0-20 
degrees and taking examination quality photographs with the camera tilted forward 
(horizontal tilt) were performed with the camera tilted to the right (vertical right) and the 
camera tilted to the left (vertical left).  For the vertical right angle tilt, the camera was 
placed with the camera lens parallel to the impression and then the right side of the camera 
was pushed downwards from behind the camera and quadrapod [Figure 4].  For the left 
angle tilt, the camera was placed with the camera lens parallel to the impression and then 
the left side of the camera was pushed downwards from behind the camera and quadrapod 
[Figure 4].    
 
 
Figure 3.  Camera setup.  (A) Camera lens parallel to impression (front view); and (B) Camera lens tilted 
upward at an angle for horizontal tilt (side view).  
 
A B 
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Figure 4.  Camera setup for vertical tilt.  (A) Camera lens vertical right tilt (front view); and (B) Camera 
lens vertical left tilt (front view).  
 
The examination quality photographs were then used to make 1:1 or actual lifesize 
images of the footwear impressions using Adobe® Photoshop® CC 2018 and were saved 
and printed out.  The six steps outlined here were followed to calibrate all the images of 
the footwear impressions:  (1) a portion of the scale, 25.0 cm, displayed by the impression 
was cropped;  (2) the measurement of the cropped portion of the scale, 25.0 cm, was 
manually entered in the Image Size box;  (3) the software then calculated the image 
resolution based on the entered measurement of the known distance;  (4) the calculated 
calibrated image resolution provided by the software was noted; (5) the action of the 
cropping of the scale to get the entire original full image was undone;  and (6) the calculated 
B A 
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image resolution that was provided by the software was entered into the Image Size box in 
cm/resolution [12]. 
Examination of the actual 1:1 photographs of the footwear impressions were used to 
measure and record ten areas that included design elements of the impression.  The ten 
areas were numbered 1-10 and the numbers themselves have no value nor significance 
[Figure 5].  The areas examined on the outsole were: (1) the length of the entire or longest 
part of the outsole;  (2) the length of the upper line that is part of the border or triangular 
section surrounding the circles located in the ball area;  (3) the width between two chevrons 
(measured from one point of the V-shape to the 2nd point of the V-shape) located in the ball 
area;  (4) the width between four chevrons (measured from one point of the V shape to the 
4th point of the V shape) located in the ball area;  (5) the width between three chevrons 
(measured from one point of the V shape to the 3rd point of the V shape) located in the ball 
area;  (6)  the width of the widest part of the ball area;  (7) the width of the middle section 
going through the circles located in the ball area;  (8) the width of the border surrounding 
the circles located in the heel area;  (9) the width or widest part of the heel area;  and (10) 
the inner diameter of the circles located in the heel area.  
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Figure 5.  Digital image of the photographed inked impression of the left outsole.  Areas of tread 
design numbered 1-10 that were examined and measured.   
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3. RESULTS AND DISCUSSION  
3.1 Change in the Scale Placement 
Based on the measurements obtained from the 1:1 photographs made from the 
digital images of the footwear impressions [Appendix A] a change in the appearance of  
physial shoe dimensions occurred when the height of the scale was changed. When the 
placement of the scale changed and was no longer in the same plane as the footwear 
impression, the measurements obtained from nine out of the ten areas of the outsole 
changed.  Specifically, as the scale increased in distance/height from the impression from 
0 mm to 66.9 mm [Figure 4], the largest measurement increase was observed in the the 
overall length of the entire sole, which increased by 25 mm [Table 1].  Other areas that had 
a notable increase in size were the width of the ball area with an increase by 10 mm, the 
length of the line in the ball area with an increase of 9 mm, the width of the heel area with 
a change of 6 mm, and the width of the box in the heel area which increased by 4 mm.  The 
width of the areas with 3 and 4 chevrons, as well as the length of the line going through the 
circles increased by 2-3 mm. However, the width of 2 chevrons only increased by 1 mm 
and the inner diameter of the circle did not change and stayed constant throughout the 
change in the heights/distance of the scale placement. 
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Figure 6. Digital images of left shoe footwear impression. (A) Scale placement at a distance of 0 mm from 
the ground/same plane as impression; and (B) Scale placement at a distance of 66.9 mm from ground. 
 
  
(A) 0 mm from ground/same plane. 
Blue line delineates the length of the entire sole, measures approximately 269 mm 
(B) 66.9 mm from ground. 
Blue line delineates the length of the entire sole, measures approximately 244 mm 
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Table 1.  Summary of results for scale placement varying in height/distance. Range of measurements 
from the impression (0 mm) to the maximum scale height (66.9 mm) and the calculated differences (∆).   
 
Ten Areas of Outsole Measurement (mm) at distance of 0 mm 
from impression 
Measurement (mm) 
at distance of  
66.9 mm from 
impression 
∆  
(mm) 
Length of the entire sole  269 244 25 
Length of line in ball area 87 78 9 
Width of 2 chevrons 9 8 1 
Width of 3 chevrons  18 16 2 
Width of 4 chevrons 26 23 3 
Width of ball area 99 89 10 
Length through circles  33 30 3 
Width of box in heel area  42 38 4 
Width of heel  73  67 6 
Inner diameter of circle 3 3 0 
 
3.2 Change in the Camera Angle 
A change in the appearance of physical shoe dimensions was also observed when 
the angle of the camera was changed.  As the position of the camera was adjusted 
lengthwise downward, the horizontal angle of the camera changed and was no longer 
parallel to the footwear impression.  The digital images produced when the camera angle 
was at 0 degrees were noticeably different from those captured at 20 degrees [Figure 5].  
The image of the impression captured at 20 degrees displays a problem with perspective 
on the left side of the image where a portion of the L-ruler is at an angle when compared 
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to the image produced at 0 degrees.  Duplicate digital images for the angles were taken to 
evaluate the consistency of the measurements and to take into account any differences that 
may have existed prior to changing the angle.  The results show that there sometimes 
existed a 1 mm difference in the measurements obtained for the same angles [Table 2].  It 
is possible that this discrepancy is a result of human error associated with calibrating the 
image or taking measurements.  Thus, a difference of more than 1 mm was required to be 
considered a significant change, thus taking into account the possibility of slight 
measurement variability due to human error.   
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Figure 7. Digital image of left shoe footwear impression. (A) Camera angle positioned at 0 degrees; and 
(B) Camera angle positioned horizontally at 20 degrees.  
 
(A) Camera angle at 0 degrees, parallel to 
impression/ground. Blue line delineates the length of the 
entire sole, measures approximately 269 mm. 
 
(B) Camera angle set horizontally to 20 degrees. Blue line 
delineates the length of the entire sole, measures 
approximately 276 mm.   
( ) a era angle at 0 degrees, para lel to 
i pression/ground. lue line delineates the length of the 
entire sole, easures approxi ately 269 . 
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Table 2.  Summary of results for horizontal angle duplicates.  Calculated differences (∆) between the 
duplicate angle measurements.  No data was available for comparison at 8 degrees. The inner diameter of 
circle and length through circles in ball area not depicted due to the absence of measurable differences. 
 
 
Angle  
(º) 
Length 
of  
sole  
(∆mm) 
Length 
of  
line 
(∆mm) 
Width  
of 2 
chevrons 
(∆mm) 
Width  
of 3 
chevrons 
(∆mm) 
Width  
of 4 
chevrons 
(∆mm) 
Width  
of ball  
area   
(∆mm) 
Width 
of Box  
(∆mm) 
Width 
of 
Heel 
(∆mm) 
0 1 0 0 1 1 0 0 0 
2 0 0 1 0 1 0 0 0 
4 0 1 1 0 0 0 0 0 
6 0 1 0 0 0 0 0 0 
10 0 1 0 0 0 1 1 0 
12 1 0 0 1 0 0 0 1 
14 1 1 0 0 0 0 0 0 
16 1 1 0 0 0 1 0 1 
18 1 0 0 0 0 1 1 1 
20 0 0 0 0 0 0 0 0 
 
 
When the camera was moved horizontally and the angle increased from 0 degrees 
to the impression to 20 degrees, the measurements obtained from six out of the ten areas 
on the outsole changed [Table 3].  The greatest change observed was a decrease of 7 mm 
in the length of the entire outsole, an increase of 3 mm in the width of the ball area, and a 
decrease of 2 mm in the length through the circles in the ball area.  However, the length of 
the line through the ball area, the width of the box in the heel, and the width of the heel 
area showed a minimal change of 1 mm.  The four areas not showing a change were the 
width of 2, 3 and 4 chevrons, and the inner diameter of the circles.    
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Table 3.  Summary of results for camera angle when changed horizontally.  Range of measurements 
from 0 degrees to the impression to 20 degrees and the calculated differences (∆).   
 
Ten Areas of Outsole Measurement (mm)  
at 0 degrees 
Measurement (mm)  
at 20 degrees 
∆ 
(mm) 
Length of the entire sole  269 276 –7 
Length of line in ball area 87 88 –1 
Width of 2 chevrons 9 9 0 
Width of 3 chevrons  17 17 0 
Width of 4 chevrons 26 26 0 
Width of ball area 99 96 3 
Length through circles 33 35 –2 
Width of box in heel area 42 41 1 
Width of heel 73 72 1 
Inner diameter of circle 3 3 0 
 
 When the camera was adjusted vertically to the right and the angle was increased 
from 0 degrees to 20 degrees from the impression [Figure 6], seven out of the ten areas of 
the outsole had a change in measurements [Table 4].  The greatest change observed was in 
the width of the ball area with a decrease of 7 mm and in the line going through the circles 
in the ball area with a decrease of 6 mm.  In addition, the length of the entire sole increased 
by 3 mm, while the width of 4 chevrons decreased by 2 mm.  The width of the heel area, 
and the width of 2 and 3 chevrons had a minimal change of 1 mm, while the width of the 
box in the heel area, the length through the circles in the ball area, and the inner diameter 
of the circles had no change in measurements. 
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Figure 8. Digital image of left shoe footwear impression. (A) Camera angle positioned at 0 degrees; and 
(B) Camera angle positioned vertically to the right at 20 degrees.  
(A) Camera angle at 0 degrees, parallel to impression/ground. 
Blue line delineates the length of the entire sole, measures 
approximately 267 mm. 
 
 
 
(B) Camera angle set vertically towards the right 20 degrees. 
Blue line delineates the length of the entire sole, measures 
approximately 264 mm. 
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Table 4.  Summary of results for camera angle when changed vertically to the right. Range of 
measurements from 0 degrees to the impression to 20 degrees and the calculated differences (∆).   
 
Ten Areas of Outsole Measurement (mm) at 0 degrees 
Measurement (mm) 
at 20 degrees  
∆ 
(mm) 
Length of the entire sole  267 264 3 
Length of line in ball area 85 91 –6 
Width of 2 chevrons 8 9 –1 
Width of 3 chevrons  17 18 –1 
Width of 4 chevrons 25 27 –2 
Width of ball area 98 105 –7 
Length through circles  33 33 0 
Width of box in heel area  42 42 0 
Width of heel  73 74 1 
Inner diameter of circle 3 3 0 
 
When the camera was adjusted vertically to the left and the angle was increased 
from 0 degrees to 20 degrees from the impression on the ground [Figure 7] six out of ten 
areas of the outsole had a change in measurements [Table 5].  The greatest change was a 
decrease in the width of the heel by 9 mm, a decrease in the width of the ball area by 6 mm, 
a decrease in the width of the box in the heel area by 5 mm, and a decrease in the length of 
the entire sole by 5 mm.  There was a minimal increase by 1 mm for both the width of 3 
and 4 chevrons, while there was no change in the length of the line in the ball area, the 
width of 2 chevrons, the length through the circles in the ball area, and the inner diameter 
of the circles.   
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Figure 9. Digital image of left shoe footwear impression. (A) Camera angle positioned at 0 degrees; and 
(B) Camera angle positioned vertically to the left at 20 degrees.
(A) Camera angle at 0 degrees, parallel to impression/ground. Blue line 
delineates the length of the entire sole, measures approximately 267 mm. 
 
 
(B) Camera angle set vertically towards the left 20 degrees. Blue line 
delineates the length of the entire sole, measures approximately 272 mm. 
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Table 5.  Summary of results for camera angle when changed vertically to the left. Range of 
measurements from 0 degrees from the ground to 20 degrees and the calculated differences (∆).   
 
Ten Areas of Outsole Measurement (mm) at 0 degrees 
Measurement (mm) 
at 20 degrees  
∆ 
(mm) 
Length of the entire sole  267 272 –5 
Length of line in heel area 85 85 0 
Width of 2 chevrons 8 8 0 
Width of 3 chevrons  17 16 1 
Width of 4 chevrons 25 24 1 
Width of ball area 98 104 6 
Length through circles 33 33 0 
Width of box in heel area 42 47 –5 
Width of heel  73 82 –9 
Inner diameter of circle 3 3 0 
 
The greatest change in the length of the sole occurred when the camera angle was 
increased horizontally.  When the camera angle was increased vertically to the right, down 
towards the heel the distance between the camera and the ball area was greater.  This did 
not seem to change the size of the areas located in the heel section but did appear to have 
a greater change in the areas located in the ball area.  It was also observed that when the 
camera angle was increased vertically to the left, down towards the ball area the distance 
between the camera and the heel area was greater.  This did not seem to change the size of 
the areas located in the ball section except for the width of the ball area but did appear to 
have a greater change in the areas located in the heel area, such as the width of the heel and 
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the width of the box in the heel area.  It was also observed that changing the camera angle 
vertically between right and left did not yield similar results, as might be expected.  The 
opposite side of the camera angle that was changed distorted the impression and created 
perspective problems that were noticeable on the images.  Most of the areas on the outsole 
tread design had a 1-2 mm difference except for the length of the line in the ball area, the 
width of the box in the heel area, and the overall width of the heel, which as previously 
mentioned may be due to human error in calibration or measurement rather than an actual 
change due to the scale placement or camera angle.   
 
3.3 Evaluation of Scale Placement and Camera Angle on Shoe Sizing 
Previous research conducted by VanHoven found that the shoe length could be used 
to predict shoe size [26].  The examination of Converse brand shoes resulted in determining 
that the length of a shoe changes by 4.0 mm when increasing or decreasing by half a shoe 
size.   However, shoe width was not a good indicator for determining shoe size, due to one 
measurement resulting in a range of shoe sizes.  Too much variation for the width existed 
and was only helpful when the shoe brand was known [26].  Other literature states that the 
sizing of shoes changes by 1/6 inch in length for half sizes and by 1/3 inch or 7-8 mm for 
whole sizes [2,3].  SWGTREAD and other literature states that a shoe size is determined 
by the manufacturer and does not necessarily adhere to a strict sizing standard, therefore, 
the shoe size may not correlate with an expected length and width measurement of the 
outsole [2,7].  Since shoes of various brands differ in shoe size, a greater importance should 
be placed on the physical size, which includes the shapes, dimensions, design elements, 
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and the spacing and positioning of the design elements on the outsole.  Furthermore, 
variation exists in the manufacturing process because the placement of the foxing strip and 
the cutting or trimming of the outsole is not always exact [2-3,7]. 
Based on previous literature, a 4.0 mm change in length is expected to result in a 
change of half a shoe size and a change of 8.0 mm in length will result in a change of a 
whole shoe size [2-3,26].  This information was applied to the measurements taken of the 
images and a decrease was observed in the length of the entire outsole resulting from the 
increase in the height/distance of the scale placement relative to the ground and the 
impression [Table 6].  There was no change in the shoe size when the scale placement was 
less than 5.7 mm above the plane of the footwear impression.  The shoe size decreased by 
a half size when the scale placement was 7.6-19.0 mm above the plane of the impression 
and the size of the shoe decreased by a whole size when the scale placement was 20.9-24.7 
mm above the plane of the impression.  The shoe size decreased by a 1.5 sizes when the 
scale placement was 26.6-41.5 mm above the plane of the impression and the shoe size  
decreased by 2 whole sizes when the scale placement was 43.4-52.9 mm above the plane 
of the impression.  The shoe size decreased by 2.5 sizes when the scale placement was 
54.8-58.6 mm above the plane of the impression and the shoe size decreased by 3 whole 
sizes when the scale placement was 60.5-66.9 mm above the plane of the impression.   
There was no change in the shoe size when the camera angle increased horizontally 
up to 8 degrees, vertically (right) up to 20 degrees, and vertically (left) up to 14 degrees 
[Table 7].  Changing the camera angle horizontally beyond 8 degrees had more of an impact 
on a change of the shoe size than doing so vertically.  The shoe size increased by a half 
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size when the angle was between 10 to 18 degrees and increased by a whole size when the 
angle was increased from 16 to 20 degrees.   
Table 6.  Shoe size change on the length of the entire sole based on scale placement.  Size interpretation 
based on a change of 4 mm for half a size change and 8 mm for a whole size change.  
 
Range of 
distance  
(mm) 
Range of  Measurements 
(mm) 
Size Interpretation  
 
0-5.7 0-2 No change in size  
7.6-19.0 4-7 Decrease by a half size 
20.9-24.7 9-10 Decrease by 1 whole size 
26.6-41.5 12-15 Decrease by 1.5 sizes  
43.4-52.9 17-19 Decrease by 2 whole sizes 
54.8-58.6 21-23 Decrease by 2.5 sizes 
60.5-66.9 22-25 Decrease by 3 whole sizes 
 
Table 7.  Shoe size change on the length of the entire sole based on camera angle.  Size interpretation 
based on a change of 4 mm for half a size change and 8 mm for a whole size change.  
 
 Range of 
angles 
(degrees) 
Range of Measurements 
for length of entire sole 
(mm) 
Size Interpretation  
 
 
Horizontal 
0-8 0-3 No change in size 
10-18 4-7 Increase by a half size 
20 8 Increase by a whole size 
 
Vertical Right 0-20 0-3 No change in size 
 
Vertical Left 0-14 0-3 No change in size 
16-20 4-5 Increase by a half size 
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The shoe used to make the test impressions has a manufacturer label that states the 
shoe is U.S. size 7.5 and that it is 25.5 cm in length.  There was a discrepancy in the length 
stated on the label and the actual physical shoe.  When the length of the outsole was 
measured it was discovered that the actual length was at the minimum approximately 26.5 
cm; when the extra rubber surrounding the bottom of the shoe was taken into consideration 
the length was measured at maximum to be approximately 27.5 cm.  The photographed 
impressions for the scale being placed in the same plane as the impression and the angle of 
the camera being positioned parallel to the impression resulted in lengths of 267 and 269 
mm.  The measurements stated on the label and the measurements taken from the 
photographs differ by about 12-14 mm, which is a large enough discrepancy to suggest a 
difference in the size of the shoe by up to 1.5 sizes.  This supports findings by SWGTREAD 
and other literature that the shoe size on the manufacturing label does not necessarily match 
the length and width of the shoe [3,7].  The original test impression of the left shoe was 
measured and found to be 26.9 cm or 269 mm, which was much closer to the length 
measurements of the outsoles obtained from photographs of the calibrated digital images.   
Research conducted on shoe manufacturing found that variations in measurements 
exist from one production plant to another as well as one set of lot numbers to another [27].  
Other variations from different brands of shoes exist due to the random positioning of the 
foxing surrounding the shoe and that extends over the top of the shoe or toe cap [3,27].  
The shoe used in this study could be a result of a manufacturing variation.  Another possible 
reason for the manufacturing label having an incorrect size is that the shoes used in this 
study are counterfeit shoes and so they may not be manufactured following the same 
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quality control methods as legitimate shoe companies.  Normally, each half size shoe 
differs by approximately 4.0 mm and when two other pairs of the exact same brand of shoes 
in different sizes were examined they did not follow this measurement change.  One pair 
of shoes were labeled U.S. size 9 and 27 cm and when the outsole was measured it was 
found to be approximately 30.5 cm.  The other pair of shoes were labeled U.S. size 9.5 and 
27 cm and when the outsole was measured it was also found to be approximately 30.5 cm.  
Although these pairs of shoes differed by a half size and should have differed in length by 
approximately 4.2 mm, the outsoles had about the same length and width.  This is an 
example of how some manufacturers use the same mold to create more than one shoe size 
and only change the upper portion to fit the bigger shoe.  In addition, the lengths of the 
outsoles for the 7.5 size shoe measured very closely to the lengths of the outsoles for both 
the 9 and 9.5 size shoes.  The length of the outsole for the 7.5 size left shoe should have 
differed by at least 8 mm.  Having the same outsole length for different shoe sizes makes 
it even more difficult to exclude shoes from a suspect pool.  Counterfeit shoes with the 
same length of outsoles makes it nearly impossible to determine a shoe size range for a 
questioned impression. The existence of counterfeit shoes, and manufacturing variations 
in general, make it critical for footwear examiners to be conservative in the conclusions 
made.    
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4. CONCLUSIONS 
4.1 Physical Size Discrepancies 
Based on the data collected in this study, size discrepancies in certain elements of 
the tread design can occur when the ruler or scale is not in the same plane as the impression 
and/or if the angle of the camera is not parallel to the impression.  The length of the entire 
outsole as well as the width of the ball area were the two areas most affected by the changes 
made in the scale placement and camera angle position.  Using an angle finder is essential 
in ensuring that the camera angle is positioned parallel to the footwear impression.  Also, 
using a scale that is L-shaped or a rectangular scale that surrounds the entire perimeter of 
the impression can help in identifying perspective problems in the images.  In addition, 
measuring the depth near the impression and then placing the scale according to the depth 
calculated can ensure that the scale is close to the same plane as the bottom of the footwear 
impression.   
Since many times crime scene investigators photograph the physical evidence at 
the crime scene and footwear examiners subsequently evaluate and draw conclusions from 
the photographed footwear impressions, being cautious and conservative in estimating a 
size range is necessary.  The presence of a scale in the photograph will allow the examiner 
to calibrate the impression as well as identify any distortions created by incorrectly 
positioning the camera and resulting in perspective problems. Discrepancies in size 
dimensions can lead to inaccurate size interpretations which can be problematic when 
comparing a suspect’s shoe to the photographed footwear impression, and could lead to 
incorrect conclusions about excluding or including a suspect’s shoe.   
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4.2 Future Work and Considerations 
Further research should be conducted on determining the uncertainty of measuring 
the length and width of shoes based on photographed footwear impressions.  An 
uncertainty budget per ANAB guidelines should be created for the examination of 3-D 
impressions to assess the accuracy as well [31].  In addition, further investigation into the 
different methods used to prevent or correct size distortion based on the camera position 
and scale placement should be evaluated.   
Current literature suggests that the camera position can be checked by measuring 
the ends of the scale on the digital image and comparing how closely they align to the 
actual dimensions of the scale.  Moreover, Adobe® Photoshop® is reported to have the 
capability to correct angle distortion in an image if the rulers are imprinted with measurable 
circles referred to as perspective circles [2,5].  These special circles are present on certain 
L-shaped scales and can help in determining if the photograph was taken at an angle other 
than 90 degrees.  If the circles appear oval shaped in the photograph, then the footwear 
impression was taken at an angle and can be attempted to be corrected using Adobe® 
Photoshop® [2].  Research should be conducted to see if using this software can accurately 
correct the angles of the photographed test impressions and determine if after the angle 
correction the correct size dimensions or actual shoe size can be attained.  Furthermore, to 
have a better understanding of the impact of scale placement and camera angle on footwear 
impression examination, more research should be conducted on repeating this experiment 
with different styles, brands, and sizes of shoes as well as with three-dimensional 
impressions made in soil or snow.    
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APPENDIX A:  [Digital Images of Footwear Impressions] 
  
  
  
  
 
Figure A.  Scale placement varying in height/distance from the ground.  From left to right images 
increasing in the height/distance from the ground, starting at 0 mm or at the same plane and ending with 66.9 
mm from the ground. 
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Figure A (continued).  Scale placement varying in height/distance from the ground.  From left to right 
images increasing in the height/distance from the ground, starting at 0 mm or at the same plane and ending 
with 66.9 mm from the ground. 
 
 
 
 
 42 
  
  
  
  
 
Figure A (continued).  Scale placement varying in height/distance from the ground.  From left to right 
images increasing in the height/distance from the ground, starting at 0 mm or at the same plane and ending 
with 66.9 mm from the ground. 
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Figure A (continued).  Scale placement varying in height/distance from the ground.  From left to right 
images increasing in the height/distance from the ground, starting at 0 mm or at the same plane and ending 
with 66.9 mm from the ground. 
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Figure A (continued).  Scale placement varying in height/distance from the ground.  From left to right 
images increasing in the height/distance from the ground, starting at 0 mm or at the same plane and ending 
with 66.9 mm from the ground. 
 
  
  
 
Figure B.  Camera positioning varying in horizontal angles.  Left to right images increasing in the angle 
relative to the position of the impression, starting at zero degrees or at the same plane and ending with twenty 
degrees. 
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Figure B (continued).  Camera Positioning Varying in Horizontal Angles.  Left to right images increasing 
in the angle relative to the position of the impression, starting at zero degrees or at the same plane and ending 
with twenty degrees. 
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Figure C.  Right Camera Positioning Varying in Vertical Angles.  Left to right images increasing in the 
angle relative to the position of the impression, starting at zero degrees or at the same plane and ending with 
twenty degrees. 
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Figure C (continued).  Right Camera Positioning Varying in Vertical Angles.  Left to right images 
increasing in the angle relative to the position of the impression, starting at zero degrees or at the same plane 
and ending with twenty degrees. 
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Figure D.  Left Camera Positioning Varying in Vertical Angles.  Left to right images increasing in the 
angle relative to the position of the impression, starting at zero degrees or at the same plane and ending with 
twenty degrees. 
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Figure D (continued).  Left Camera Positioning Varying in Vertical Angles.  Left to right images 
increasing in the angle relative to the position of the impression, starting at zero degrees or at the same plane 
and ending with twenty degrees. 
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APPENDIX B:  [TREAD DESIGN DATA] 
Table A.  Measurement data from digital images based on Figure A. Measurements of the 10 areas on 
the outsole based on the varying scale placement in height/distance from the ground.  The scale was first in 
the plane of the footwear impression and then the scale was increased in increments of 1.9 mm to 66.9 mm. 
   
Distance 
from  
ground 
(mm) 
Length of 
entire sole 
(mm) 
Length of 
line in ball 
area (mm) 
Width of 
2 chevrons 
(mm) 
Width of 
3 chevrons 
(mm) 
Width of 
4 chevrons 
(mm) 
Width of 
ball area   
(mm) 
0 269 87 9 18 26 99 
1.9 268 87 8 17 25 99 
3.8 267 86 8 17 25 98 
5.7 267 87 8 17 26 98 
7.6 265 85 8 17 25 98 
9.5 265 85 8 17 25 98 
11.4 264 85 8 17 25 97 
13.3 264 85 8 17 25 97 
15.2 262 85 8 17 25 96 
17.1 262 85 8 17 25 97 
19.0 262 85 8 17 25 96 
20.9 260 85 8 17 24 96 
22.8 259 85 8 17 25 95 
24.7 259 84 8 17 24 95 
26.6 257 84 8 17 24 94 
28.5 257 83 8 16 24 94 
30.4 257 83 8 16 24 94 
33.9 256 83 8 17 24 94 
35.8 256 84 8 17 24 94 
37.7 255 83 8 17 24 94 
39.6 253 83 8 17 24 93 
41.5 254 82 8 16 24 93 
43.4 252 82 8 16 23 93 
45.3 252 82 8 16 24 93 
47.2 252 82 8 16 24 92 
49.1 251 81 8 16 24 92 
51.0 250 80 8 16 24 92 
52.9 250 80 8 16 24 91 
54.8 248 79 8 16 24 91 
56.7 248 80 8 16 24 91 
58.6 246 79 8 16 24 91 
60.5 247 79 8 16 24 90 
62.4 245 78 8 16 23 90 
66.9 244 78 8 16 23 89 
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Table A (continued).  Measurement data from digital images based on Figure A. Measurements of the 
10 areas on the outsole based on the varying scale placement in height/distance from the ground.  The scale 
was first in the plane of the footwear impression and then the scale was increased in increments of 1.9 mm 
to 66.9 mm.   
 
Distance  
from ground  
(mm) 
Length through  
the circles  
(mm) 
Width of box 
in heel area  
(mm) 
Width of  
heel area  
(mm) 
Inner diameter  
of circle  
(mm) 
0 33 42 73 3 
1.9 33 42 73 3 
3.8 33 42 73 3 
5.7 33 42 73 3 
7.6 33 42 73 3 
9.5 33 42 73 3 
11.4 33 42 72 3 
13.3 33 42 72 3 
15.2 33 41 72 3 
17.1 33 41 72 3 
19.0 33 41 71 3 
20.9 33 41 71 3 
22.8 32 41 71 3 
24.7 32 41 71 3 
26.6 32 40 71 3 
28.5 32 40 71 3 
30.4 32 40 70 3 
33.9 32 40 70 3 
35.8 32 40 70 3 
37.7 32 40 70 3 
39.6 31 40 70 3 
41.5 31 40 70 3 
43.4 31 40 69 3 
45.3 31 40 69 3 
47.2 31 40 69 3 
49.1 31 40 69 3 
51.0 31 39 68 3 
52.9 31 39 68 3 
54.8 31 39 68 3 
56.7 31 39 68 3 
58.6 31 39 68 3 
60.5 31 39 67 3 
62.4 30 39 67 3 
66.9 30 38 67 3 
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Table B.  Measurement data based on the digital images from Figure B.  Measurements of the 10 areas 
on the outsole based on camera positioning at varying angles horizontally.  The scale was first parallel to the 
footwear impression at zero degrees and then the camera angle was increased in increments of 2 degrees to 
20 degrees.   
 
Angle 
(degrees) 
Length of 
entire sole 
(mm) 
Length of 
line in ball 
area (mm) 
Width of 2 
chevrons 
(mm) 
Width of  
3 chevrons 
(mm) 
Width of  
4 chevrons 
(mm) 
Width of  
ball area 
(mm) 
0 269 87 9 17 26 99 
0 269 87 8 17 25 98 
2 269 87 8 17 25 99 
2 269 87 9 17 26 99 
4 269 87 8 17 26 99 
4 269 86 9 17 26 99 
6 270 88 9 17 26 99 
6 270 87 9 17 26 99 
8 271 87 9 18 26 99 
10 272 88 9 18 26 99 
10 272 87 9 18 26 98 
12 273 87 9 18 26 98 
12 272 87 9 17 26 98 
14 272 88 9 17 26 98 
14 273 87 9 17 26 98 
16 273 87 9 17 26 97 
16 274 88 9 17 26 98 
18 274 88 9 17 26 97 
18 275 88 9 17 26 96 
20 276 88 9 17 26 96 
20 276 88 9 17 26 96 
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Table B (continued).  Measurement data based on the digital images from Figure B.  Measurements of 
the 10 areas on the outsole based on camera positioning at varying angles horizontally.  The scale was first 
parallel to the footwear impression at zero degrees and then the camera angle was increased in increments of 
2 degrees to 20 degrees.   
 
Angle 
(degrees) 
Length through  
the circles  
(mm) 
Width of box 
in heel area  
(mm) 
Width of  
heel area  
(mm) 
 
Inner diameter  
of circle  
(mm) 
0 33 42 73 3 
0 33 42 74 3 
0 33 42 73 3 
2 33 42 74 3 
2 33 42 74 3 
4 33 42 73 3 
4 33 42 74 3 
4 33 42 73 3 
6 33 42 74 3 
6 33 42 74 3 
8 34 43 74 3 
10 34 43 74 3 
10 34 42 74 3 
12 34 42 74 3 
12 34 42 73 3 
14 34 42 73 3 
14 34 42 73 3 
16 34 42 72 3 
16 34 42 73 3 
18 34 42 72 3 
18 34 41 71 3 
20 35 41 71 3 
20 35 41 72 3 
20 35 41 72 3 
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Table C.  Measurement data on the digital images from Figure C.  Measurements of the 10 areas on the 
outsole based on positioning the camera to the right side at varying angles vertically.  The scale was first 
parallel to the footwear impression at zero degrees and then the camera angle was increased in increments of 
2 degrees to 20 degrees.   
 
Angle 
(degrees) 
 
Length of 
entire sole 
(mm) 
Length of line 
in ball area 
(mm) 
Width of 2 
chevrons 
(mm) 
Width of  
3 chevrons 
(mm) 
Width of  
4 chevrons 
(mm) 
0 267 85 8 17 25 
2 267 86 8 17 25 
4 267 86 9 17 26 
6 267 86 8 18 26 
8 266 86 9 18 26 
10 267 87 9 18 26 
12 266 87 9 18 26 
14 267 88 9 18 26 
16 266 89 9 18 27 
18 266 91 9 18 27 
18 265 90 9 18 27 
20 264 91 9 18 27 
 
Table C (continued).  Measurement data on the digital images from Figure C.  Measurements of the 10 
areas on the outsole based on positioning the camera to the right side at varying angles vertically.  The scale 
was first parallel to the footwear impression at zero degrees and then the camera angle was increased in 
increments of 2 degrees to 20 degrees.   
   
Angle 
(degrees) 
 
Width of  
ball area 
(mm)   
Length through 
circles in ball 
area (mm) 
Width of 
Box in Heel 
Area (mm) 
Width of 
Heel area   
(mm) 
Inner 
diameter of 
circle (mm) 
0 98 33 42 73 3 
2 98 33 42 73 3 
4 99 33 42 73 3 
6 99 33 42 73 3 
8 99 33 41 72 3 
10 101 33 42 73 3 
12 101 33 42 73 3 
14 101 33 41 73 3 
16 103 33 42 73 3 
18 104 34 42 73 3 
18 104 34 42 73 3 
20 105 33 42 74 3 
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Table D.  Measurement data on the digital images from Figure C.  Measurements of the 10 areas on the 
outsole based on positioning the camera to the left side at varying angles vertically.  The scale was first 
parallel to the footwear impression at zero degrees and then the camera angle was increased in increments of 
2 degrees to 20 degrees.   
 
Angle 
(degrees) 
 
Length of 
entire sole 
(mm) 
Length of line 
in ball area 
(mm) 
Width of 2 
chevrons 
(mm) 
Width of  
3 chevrons 
(mm) 
Width of  
4 chevrons 
(mm) 
0 267 85 8 17 25 
2 268 85 8 17 25 
4 268 85 8 17 25 
6 268 85 8 17 25 
8 269 85 8 17 25 
10 270 85 8 24 24 
12 270 85  8 17 25 
14 269 85 8 17 24 
16 271 85 8 17 24 
16 271 85 8 16 24 
18 272 86 8 17 24 
20 272 85 8 16 24 
 
Table D (continued).  Measurement data on the digital images from Figure C.  Measurements of the 10 
areas on the outsole based on positioning the camera to the left side at varying angles vertically.  The scale 
was first parallel to the footwear impression at zero degrees and then the camera angle was increased in 
increments of 2 degrees to 20 degrees.   
 
Angle 
(degrees) 
 
Width of  
ball area 
(mm)   
Length 
through 
circles in ball 
area (mm) 
Width of 
Box in Heel 
Area (mm) 
Width of 
Heel area   
(mm) 
Inner 
diameter of 
circle (mm) 
0 98 33 42 73 3 
2 98 33 42 74 3 
4 98 33 43 74 3 
6 98 33 43 75 3 
8 99 33 44 76 3 
10 99 33 44 77 3 
12 100 33 45 78 3 
14 100 33 45 79 3 
16 102 33 46 80 3 
16 102 33 46 80 3 
18 104 33 47 82 3 
20 104 33 47 82 3 
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